The decline of barn swallow populations may be mainly caused by the reduction of their foraging habitat. A clear understanding of the links between proportions of available and used microhabitats of foraging barn swallows in farmland, estuary, and island habitats would enhance our understanding of the foraging habitat requirements of this species and on the effects of anthropogenic activities, such as habitat conversion (e.g., land to water, crop fields to non-arable land), on their distribution. We hypothesized that: 1) foraging swallows would be more abundant in the most common microhabitat; and 2) swallow abundance would decrease with increased foraging distance from the nest-site. As predicted by our first hypothesis, swallows were more abundant in the most common microhabitat (i.e., crop fields in farmland and non-arable land on the island). Our data also support our second hypothesis that increased foraging distances from the nest-site negatively affected foraging swallow abundance. In summary, barn swallows foraged in the habitats most convenient to nest-sites, however, management of agricultural lands should include non-arable lands in the composition of available foraging microhabitats.
INTRODUCTION
Conservation of animal populations requires information on where the populations are, why they are there, and where else they could be [1] . Therefore, temporal and spatial variation in habitat conditions may generate strong selective pressure for habitat selection [2] , which in turn influences reproduction and survival of individual birds [3] [4] [5] , and contributes to the regulation of bird populations [6, 7] .
Changes in agricultural land-use have been linked to significant declines of barn swallows in many parts of the world [8] [9] [10] [11] [12] [13] [14] . Over the last 70 years, agricultural intensification has divided historically multipurpose agriculture into specialization of livestock or row crop production [15] . Barn swallow populations have declined where livestock farming was replaced by row crop production [16, 17] . The decline of barn swallow populations may have been caused by the reduction of its prey resources [18] and foraging habitat. Although foraging habitat use of barn swallows in livestock farmland has been described [19] [20] [21] , to our knowledge, there have been no comparison studies of foraging habitat use among farmland and other habitat types (i.e., estuary, island). Swallows are aerial insectivores, feeding singly or gathering in large aggregations to feed on swarms of insects. The birds feed in a given patch for several minutes and move to a new patch when insect swarms disperse. In areas of high insect density, foraging swallows approach swarms slowly and then accelerates from below to capture the insects, because insects cannot escape to higher altitudes, insects are more visible against the sky than against the ground, and the counter-shaded predators themselves are less visible to the prey [22] .
A clear understanding of barn swallow habitat use patterns among microhabitat of farmlands, estuaries, and islands would enhance our understanding of foraging habitat requirements for this species as well as the effects of anthropogenic activities, such as habitat conversion (e.g., land to water, crop fields to non-arable land), on their distribution. The principal objectives of this study were to compare the patterns of foraging habitat use in different land-cover areas. We hypothesized that: 1) foraging swallows would be more abundant in the most common microhabitat; and 2) swallow abundance would decrease with increased foraging distance from the nest-site.
and Jeju (33˚57'N, 126˚17'E) island, Nakdong estuary (35˚7'N, 128˚56'E), and Kimhae plain (35˚13'N, 128˚52'E) in South Korea from March 2003 to September 2004. We quantified the surface area of the different microhabitats in a radius of 400 m around the island (4 foraging sites), estuary (10 foraging sites), and farmland (5 foraging sites) because we estimated that almost all foraging occurred within this range based on previous studies [18, 19] . Each foraging site was divided into four microhabitat types: crop fields, non-arable land (ungrazed grassland, small woods), water (ditch, river, shore), and human settlements. All microhabitats were identified from field visits and aerial photography and then validated by the presence of barn swallows in each habitat type during data collection.
Data Collection
The use of foraging sites by adult barn swallows was quantified using focal-nest observations (15 minutes, [23] ). One hundred individuals in farmland, estuary, and island sites were observed, respectively. During observations, the observers waited until an adult left the nest and recorded what habitat types were used by the foraging swallow. The observers continued to follow the focal bird until it returned to the nest or was lost from sight. Birds were excluded from analysis if observers lost sight of the swallow in the foraging habitat before 15 minutes had expired. To prevent pseudoreplication, foraging observations were calculated only once per day for each nesting pair. The number of swallows observed was foraging individuals at 50 m distance intervals from the nest. The foraging habitats and the distance ranges (e.g., <50 m, 50 -100 m) from nest were marked before followed foraging swallows. The density of swallows was expressed as the accumulated number of swallows recorded by each habitat type (i.e., farmland, estuary, island).
Statistical Analysis
Analyses of variance (ANOVA: PROC MIXED SAS 9.3) were used to test for statistical differences in breeding swallow densities and the proportion of foraging microhabitats among habitat types. For both ANOVAs, data were tested for normality with the Shapiro-Wilks test. In the event that the residuals were not normally distributed, the data were natural log-transformed. Significant ANOVA effects were tested by post-hoc comparisons of Tukey adjusted least squared means. We also performed two generalized linear models (GLMs; PROC GLIMMIX: SAS 9.3). The first GLM compared the abundance of foraging swallows in different microhabitat types within the three larger habitat types with a cumulative logit link function and multinomial error distribution. The second GLM fit an exponential decay model's (PROC GLIM-MIX: SAS 9.3) assessing the relationship between distance and natural log-transformed abundance with an identity link function and normal error distribution. For all GLMs, alternative exponential family error distributions and link functions were explored (e.g., identity or log links and negative binomial or poisson distributions) and the final combination of link functions and error distributions were selected by inspecting the Pearson chisquare/degree of freedom statistic and mean-variance plots [24] . For all analyses, significance level was set at α = 0.05.
RESULTS
We found 219 breeding pairs and 921 barn swallows in 24 sites from March-September 2003 and 2004. Both breeding individual density (F 2.3 = 1.50, P = 0.35) and breeding pair density (F 2.3 = 2.57, P = 0.22) in farmland, estuary, and island did not statistically differ, respectively. The portion of crop fields was higher in farmland than in estuary and island sites (F 2.21 = 14.95, P < 0.001). The proportion of human settlements and non-arable land in island was greater than farmland and estuary sites, respectively (human settlements: F 2.21 = 8.72, P = 0.002, non-arable land: F 2.21 = 17.62, P < 0.001). Water portion did not differ among farmland, estuary, and island (F 2.21 = 2.56, P = 0.11).
In crop fields, foraging swallow abundance in farmland was higher than swallow abundance in estuary and island habitats but abundance over water areas was greater in island habitat than in farmland or estuary habitat (F = 24.77, df = 7, P < 0.001, Figure 1 ). Abundance in non-arable land and human settlements did not differ among farmland, estuary, and island habitats. The abundance of foraging barn swallows in farmland (F = 53.88, df = 6, P < 0.001), estuary (F = 54.47, df = 6, P < 0.001), and island (F = 268.58, df = 6, P < 0.001) decreased as distance from the nest-site increased ( Figure  2 ). Figure 2 . The log-transformed abundance of foraging swallows in relation to distance from the nest sites in farmland, estuary, and island. The log-transformed abundances were quantified using focal-nest observations.
Habitat types

DISCUSSION
The relationship between microhabitat proportion of foraging area and foraging barn swallow abundance in each microhabitat varied among farmland, estuary, and island habitat types. As predicted by our first hypothesis, crop fields (i.e., dominant microhabitat) in farmland and non-arable land (i.e., the highest portion) in island had larger foraging swallow abundance than in other microhabitat types. Previous study [20] noted that foraging habitat selection of breeding barn swallows followed broadly similar patterns to the distribution of aerial invertebrates because invertebrates are aggregated within fields. In this sense, our finding suggests that the higher abundances of foraging swallows in a higher proportion (i.e., more available) microhabitat among different habitat types may reflect the variation of their available prey resources.
Despite different foraging swallow abundance in a microhabitat across three habitat types, the positive association between the abundance of foraging swallows and most available microhabitat portion may be associated with vegetated boundaries (e.g., hedgerows or vegetated fence lines around crop fields or separating non-arable land), which were a consistent feature among these seemingly disparate microhabitat types. Previous study noted that the increased proportion of invertebrates occurred along hedgerows presumably because these boundaries reduce wind speed, which has been negatively correlated with aerial invertebrate densities [25] . Conversely, in open areas, greater wind speed disperses aerial invertebrates increasing difficulty in capture by foraging swallows. In addition, higher wind speeds are more energetically costly for swallow foraging [26] , therefore, it is possible that swallows target vegetated boundaries with higher densities of aerial invertebrates and lower flight energy expense to reduce the metabolic costs of foraging [27] .
Our data also support second hypothesis that increased foraging distances from the nest-site negatively affects foraging swallow abundance. Analysis of foraging distance indicated that barn swallows prefer to forage within 100 m from their nest in all habitat types. Similar patterns of foraging behavior (i.e., foraging distance from the nest) in farmland, estuary, and island may be a result of co-varying prey distribution and energy expenditure by searching flight. When foraging barn swallows require a longer distance from the nest to search their prey due to lack of prey resources, daily expenditure rates can increase due to search flight [28] .
The comparison of foraging swallow abundance with microhabitat composition and foraging behavior in different habitat types can be used to assess habitat requirements for barn swallow population. Our data suggested that non-agricultural land cover types (i.e., estuary, island) are also important habitat as foraging site to breeding barn swallow population. If sustained protection of the breeding barn swallow population based on foraging habitat availability is desired, maintenance of non-agricultural lands in farmland, estuary, and island should be incorporated into a comprehensive conservation and management plan.
